A literature search of related articles was carried out in electronic data sources. Initially, 276 randomised controlled trials related to the title were collected, after which 44 were selected using the keywords. Overlapping articles, articles with a study duration of less than six months, and studies involving young participants were removed from the list. The remaining 20 articles were checked for entitlement using the PEDro scale. A total of nine eligible articles with 1486 participants were analysed. Seven trials used dual-energy x-ray absorptiometry (DXA) to measure bone mineral density (BMD). The six trials published from 2005 to 2013 found a significant increase in BMD. In the remaining one trial, there was no significant increase in BMD. One study published in 2013 reported a significant increase in BMD measured with peripheral qualitative computed tomography, whereas another trial published in 2014 stated that there was a reduction in calcaneal bone density measured by peripheral qualitative ultrasound. From these findings it can be concluded that the whole body vibration machine is a good adjunctive therapy for the prevention and management of osteoporosis in postmenopausal women. However, further investigations are necessary before the same can be recommended for elderly men.
Introduction
Whole body vibration (WBV) is defined as a vibration transmitted to the body through the feet or seat. It is a well-known fact that prolonged exposure to vibration has an unfavourable effect on health in humans and is considered as a kind of occupational hazard. Back pain as a result of osteoporosis is a common problem among bus drivers and operators of heavy equipment, such as forklift trucks, agricultural tractors, and earth-moving machinery. Effects on the skeletal systemespecially osteoporosis of the lumbar spine-and on the nervous system are mainly seen in people who are exposed to intense WBV for a prolonged duration, and there may be minor effects on the gastrointestinal tract, female reproductive www.mjms.usm.my organs, body balance, and cervical spine (1) . Dental surgeons and workers using hand-held drilling machines are exposed to excessive hand-transmitted vibration and may develop a disorder called hand-arm vibration syndrome, with symptoms and signs related to the vascular, neurological, and musculoskeletal systems of the upper limb. In a comparative study of 43,000 workers who were exposed to long-term WBV and 24,000 controls, WBV was associated with increased risk to the spine and the peripheral nervous system (2) .
The World Health Organisation defines osteoporosis as a condition of reduced bone mineral density (BMD) by 2.5 standard deviations below the T score (average BMD for healthy young women). Osteoporotic bones are fragile and are at increased risk of fracture.
Generally speaking, bone is a dynamic structure that usually responds to mechanical stimuli. The activities of daily living, as well as walking and other forms of exercise, contribute a mechanical stimulus that can maintain or increase BMD. Forces of gravity and muscle forces during daily activities, as well as the ground reaction force resulting from running and jumping, are major contributors to bone modelling and remodelling (3) . Therefore, increased physical activity is necessary to maintain or increase BMD.
Everybody reaches peak bone mass between the ages of 30 and 35, after which bone mass gradually declines. Although osteoporosis is caused by many factors, such as age, sex, nutrition, smoking, and hormonal changes in postmenopausal women, physical activity plays an important role in maintaining bone mass or reducing the rate of bone loss. However, it is not easy for older or debilitated persons to have active lifestyles, nor is it possible for those with neurological or severe joint problems. For such individuals, WBV machines may be helpful in maintaining BMD or reducing the rate of bone loss.
At the present time, many types of WBV machine are available in the market and it is claimed that they are good for osteoporosis, as well as for weight reduction.
Although the treatment of osteoporosis relies on bisphosphonate compounds as a standard and denosumab as an effective alternative (4), the WBV machine can be effective in the nonpharmacological supportive management of osteoporosis. Therefore, in this study we analysed the articles related to WBV machines to ascertain whether these machines indeed have a favourable effect on osteoporosis.
Methodology
This was a systematic review of randomised controlled trials.
Inclusion criteria
Randomised control trials (RCTs) studying the effect of WBV machines and BMD/ osteoporosis in old age.
Exclusion criteria
1. RCTs involving animals 2. RCTs involving young people 3. All non-RCTs
Time limit
The researchers studied articles published during the years 2010 to 2015.
Operational definitions

Definition of vibration and WBV therapy
A vibration is a movement that repeats or oscillates around an equilibrium point (5). Vibration is measured by frequency and amplitude or magnitude. Frequency is the number of oscillations per second, expressed in hertz (Hz). Amplitude is the height of the wave, expressed in millimetres (mm). Magnitude is a combination of amplitude and acceleration. It is calculated using the following formula:
where M = Magnitude, F = frequency (Hz), and A = amplitude, or peak to peak displacement (6) .
The effect of vibration upon the body is determined mainly by these two factors, but the responses of different tissues to vibration are not the same. Collagen responds to a slow pulse of 4 Hz (four pulses per second) and muscles respond to frequencies between 30 and 50 Hz; 30 Hz is the best (7) for stimulating bone growth. Other factors that have an effect on BMD are the duration of WBV exercise and the posture/ position on the WBV platform (8) .
Different types of WBV machine
WBV machines come in different brands. However, the mechanism for transmitting vibration to the body is different. There are two ways of providing vibration. One is vertical displacement and the other is oscillatory alternating displacement (6) . There is also a difference in the variation of amplitude and frequency of vibration, with a range of 1-22 mm for amplitude and 5-25 Hz for frequency.
In 2009, Merriman and Jackson (9) identified five articles related to the effect of WBV machines on BMD (10, 11, 12, 13, 14) . The authors noticed that four studies had shown significant improvement or maintenance of BMD at the hip or tibia following use of the WBV plate, compared to other forms of exercise. However, there were differences in the magnitude of vibration (0.2-10 g) and in the exposure time. The authors suggested that further studies were needed to determine the optimal magnitude, frequency, and duration of exposure to WBV machines to obtain optimal results.
In 2010, Slatkovska et al. (15) published a systematic review and meta-analysis of eight articles. They found that there was a small, but significant improvement of bone mineral density (BMD) in the hip, but only in postmenopausal women, and in the tibia and spine, only in children/adolescents but not in young adults. The investigators agreed that WBV was a promising new modality, but suggested large-scale long-term studies were needed to determine the optimal magnitude, frequency and duration (15) .
Therefore, we performed a systematic analysis of RCT articles published during the years 2010 to 2015 related to the effects of WBV exercise on bone density, in the hope of throwing some light on this issue (see Table 1 ). A total of 364 participants were exposed to LMHFV (35 Hz, 0.3 g) for 20 minutes, five days per week, for 18 months. Another 346 women participated as controls. BMD was one of the secondary outcomes and was measured after 9 months and 18 months. No significant differences were found in the overall changes in BMD.
Trials of WBV therapy for osteoporosis
A study by Gómez-Cabello et al. (23) in 2014
concluded that 11 weeks' use of WBV was not sufficient to cause changes in BMD and only produced a small variation in bone density in elderly people.
9. Slatkovska (15, 24) and colleagues randomly assigned 202 postmenopausal women with osteopenia to three groups: one group was exposed to a WBV platform with lowmagnitude vibration, 0.3 g × 90 Hz, another was exposed to 0.3 g × 30 Hz for 20 mins daily, while the third group served as a control. All participants received calcium and vitamin D. Measurement of the BMD of calcaneal bone was performed after 12 months by quantitative ultrasound (QUS).
Exposure to WBV of 90 Hz or 30 Hz for 20 minutes daily for 12 months did not improve any QUS parameters, but there was a small but significant decrease in calcaneal broadband attenuation (BUA).
Discussion
A study published in 2014 mentioned that there was a small, but significant decrease in calcaneal BUA measured by QUS (24) . Most of the studies we analysed used a dual-energy X-ray absorptiometry (DXA) machine to measure BMD, usually in the lumbar spine or hip. Measurement of BMD in the calcaneus using QUS was a new approach that yielded negative results. The exposure was of low magnitude and high or very high frequency. The low magnitude (0.3 g) may be responsible for these bizarre results. Further studies with high magnitude (> 1 g), as in other studies, would be needed to support the findings.
In one study of 113 postmenopausal women, there was an increase in BMD in both WBV groups as well as the control group, which was treated only with calcium and vitamin D. The author concluded that there was no additive effect from using the WBV machine. (16) In another study of 710 post-menopausal women, using low-magnitude high-frequency vibration (LMHFV) for 18 months, the author stated that the BMD of the hip and spine showed a positive trend in the vibration group compared to the controls (mean between-group difference 1.43% for femoral neck, 1.12% for spine) (22) . The author concluded that the effect was not statistically significant after Bonferroni adjustment. In this study, the primary outcome was body balance and fracture risk, while BMD was a secondary outcome. The low magnitude was likely to be the cause of the insignificant improvement in BMD, even though it showed a positive trend.
Five of the nine trials analysed (13, 14, 15, 16, 17) , which enrolled a total of 404 (M = 35, F = 369) participants, concluded that there was an improvement in BMD measured by DXA after exposure to WBV machine trials using medium to high magnitude/amplitude with high frequency for a duration of 6-18 months. However, the bone parts used to measure the improvement in BMD were in regions such as the spine, hip, and tibia.
In one trial with 57 participants, peripheral quantitative computed tomography was used www.mjms.usm.my to measure BMD in the distal tibia and found a significant increase after WBV therapy (21) .
Limitations, Suggestions and Conclusion
The major limitation of this study is the diversity in the use and specifications of WBV machines. Different research groups utilised different frequencies, amplitudes, and magnitudes. For example, some used frequencies of 22-26 Hz, whereas others used 30 Hz, 35 Hz, 40 Hz, 25-35Hz, 30-40 Hz, or 45-55 Hz ( Table  1) . For this reason, it is difficult to determine the ideal frequency of the WBV machine for obtaining the optimum bone-forming effect.
Among the nine research papers included in this systematic review, three articles mentioned the amplitude, three mentioned magnitude, while two others mentioned both amplitude and magnitude. Amplitude varied from 1.7 mm to 8 mm and magnitude from 0.3 g to 10.9 g (Table  1 ). Thus, the same problem arises as regards the choice of best amplitude or magnitude.
The site used for measuring BMD also varied from one study to another. Five of the studies measured BMD in both the lumbar spine and hip. The other four studies measured BMD in the hip, lumbar spine, distal tibia, and calcaneus. The major complications of osteoporosis are fractures of the proximal femur and compression fractures in the spine, not fractures of the tibia and calcaneus. Therefore the sites for BMD measurement should be standardised as the femur and lumbar spine.
As 30 Hz is the best frequency for stimulating bone growth (7), new randomised control trials using 30 Hz as the standard frequency, with different levels of amplitude/ magnitude, for durations of more than six months, with measurement of BMD in the femur and lumbar spine, are suggested for future research. The method of measuring the BMD must also be DXA, which is the gold standard for the purpose.
This might help to determine the most appropriate levels of amplitude/magnitude for improvement of bone mineral density in the hip and lumbar spine.
In seven studies with 1235 (83.1%) participants (RCTs 1-7 above; refs. [16] [17] [18] [19] [20] [21] [22] it was found that there was an increase in BMD after different amounts of WBV exposure. In some studies whose primary outcomes were body balance and muscle strength, the authors observed positive effects of WBV therapy on those outcomes (17, 21) .
In conclusion, our group found no strong evidence to contradict the finding that the WBV machine is a good alternative or good additive for the prevention and management of osteoporosis in postmenopausal women.
